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ABSTRACT

A model to provide cost estimates of initial production facilities
(IPF) for a 20mm through 40mm steel-case or aluminum-case family of
conventional automatic cannon ammmition is presented in this report.
The model is intended to facilitate the preparation of independent
estimates in support of decision making early in the acquisition phase.
It represents a modified version of previous models over the same size
range developed by HQ, ARMCOM, Cost Analysis Division, in that different
costs among alternative rounds of different calibers and/or component
dimensions are generated. The differentiating or adjusting process
is based on the premise that production equipment capacities are partially
or wholly dependent on the magnitude of certain component dimensions
that are known or can be assumed in early estimates.
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SECTION I

INTRODUCTION




A.  Background

In April, 1975, HQ, ARMCOM Cost Analysis Division initiated-a long-
term study to develop investment cost estimating tools for ammunition to
facilitate independent cost estimates. The initial volume, covering
medium-bore (20mm through 60mm) automatic cannon ammumnition, was published
in September, 1975 and is shown as reference 1. The initial study
results include two models for estimating the cost of initial production
facilities (IPF) for conventional medium-bore ammmition. The first
model covers ammunition in sizes from 20mm through 30mm, and is based on
IPF data used for the Vehicle Rapid Fire Weapon System Independent
Parametric Cost Estimate (IPCE) alternatives published in August, 1974.
The second model, covering ammunition over 30mm through 60mm, is based
on a 57mm recoilless rifle round and utilizes dimensional adjustments to
scale estimated costs over its intended range.

Subsequent application of the IPF cost models in the preparation of
early alternative ammunition cost estimates in the 20mm through 40mm
size range for the Army Radar Gun Air Defense System (ARGADS) Project
Manager Office revealed abnormal breaks in estimated cost at the inter-
face of the two models. This problem indicated that the production
methods on which the over 30mm model are based are not compatible,
from a processing or production rate standpoint, or both, with automatic
cannon ammunition down to 30mm and very likely to 40mm. In addition,
the 20mm through 30mm model was developed to yield a single estimated
cost owing to the narrow range of application. Both of the foregoing
conditions rendered use of the existing models unsuitable for compari-
son of the alternative ARGADS rounds. Therefore, the existing model
was modified as described in this report.

B. Purpose

The purpose of this report is to present a modified model suitable
for estimating the IPF cost of alternative families of conventional
medium-bore automatic cannon ammunition in calibers from 20mm through
40mm. Specifically, the modified model will provide different estimates
for rounds of different calibers and/or component dimensions which,
under the assumptions of the model, act to drive IPF costs. The model
represents a refined version of the initial model, and is an interim
approach to continuing refinement of such models. The modified model is
completely described; however, the information in reference 1, pages
6,7, and 94, relating to the mobilization plan and special findings also
apply to this report.
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C. Scope of Model

The cost elements for which cost equations are provided in the model
are shown in Table 1. The IPF outputs include allowances for IPE trans-
portation; installation; layaway; and, for LAP, miscellaneous material
handling equipment. Since the government may not buy capital equipment
for a given ammmition program, but will incur costs for special tool-
ing and gages that are unique to the ammunition being procured, the
model is structured to provide separate estimates of initial tooling
and IPE.

The model excludes certain costs which may be incurred but remain
for the individual estimator to resolve as required. These are as follows:

1. Non-IPF/Initial Tooling

This element includes the costs of real property construction (buildings,
utility systems, installed building equipment, etc.), real estate acquisition
and/or improvements, and other production base support activities under the
cognizance of the Corps of Engineers; and non-production equipment such as
office machines and equipment. Therefore, the model is confined to IPF as
defined in Chapter 4, Section III, of reference 2.

2. Propellants and Explosives (PGE) IPF

The IPF portion of the Army's industrial production base is established,
maintained, modernized, and expanded on the basis of component demand. The
completed round is important only to the extent that it contributes, along
with other total rounds, to the demand for the particular components. For
example, the Army does not provide TNT capacity for a specific HE projectile;
rather, capacity is based upon total TNT demand. This is a different sit-
uation than IPF for metal parts production and complete-round LAP, where
discrete production bases are required in support of components for a
specific family of rounds. The consequence of this special consideration
is that the estimator must make certain that the IPE involved reflects
the marginal increase in capacities and does not duplicate available,
uncommitted capacities. Owing to this marginality, the various PGE items
and combinations thereof, and the multitude of planned modernization and
expansion projects, the PGE area has been excluded from the model.

3. Material Handling Equipment/Control Systems

The specific plant layout, and the production rate, quantity, and
physical bulk of the ammunition components being produced have, singly
or in combination, a significant impact on the selection of this type
of equipment. The equipment could vary from very simple (almost none)
to very special (approaching fully automated handling). A general-purpose
model intended to be applicable early in the system life cycle over a
potentially wide range of the foregoing conditions, would require a
series of subroutines to reflect varying degrees of equipment/control
system automation. These have not been developed, but are under consid-
eration for future phases of the reference 1 study. However, an allow-
ance for miscellaneous material handling equipment is included in the
Load, Assemble, and Pack (LAP) IPF model.
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Table 1. IPF Cost LElements

Industrial Plant Equipment (IPE)

a. Projectile (HE, AP, and TP)

b. Link
c. Box
d. LAP

e. Steel Cartridge Case

f. Aluminum Cartridge Case
g. Fuze

Initial Tooling

a. Projectile (HE, AP, and TP)

b. Link

c. Box

d. LAP

e. Steel Cartridge Case

f. Aluminum Cartridge Case
Test and Measuring Equipment (TME)

a. Projectile (HE, AP, and TP)

b. Link .
c. Box
d. LAP

e. Steel Cartridge Case
f. Aluminum Cartridge Case

g. Fuze



D. Assumptions and Constraints

1. Although the model will exccute for any assumed production rate,
no upper and lower limits being established, the data base reflects
full-rate production methods. In application of the model, IPF can be
established to meet mobilization rate requirements, and assumed to be
utilized at a lower, full scale production (FSP) rate to produce the
Authorized Acquisition Objective (AAO), or war reserve, for the program
being estimated. For very high production rates, it is recommended
that the estimator verify the adequacy of the production methods reflected
in the model with appropriate ammmition production base personnel.

2. The model assumes the acquisition of all new production equipment
for each component for which production rate inputs are provided. Modi-
fications to account for existing capacity or available production equip-
ment must be handled outside of the model.

3. The model generates a parametric estimate driven by known or
assumed component overall dimensions, and does not reflect the impact of
discrete design detail. The basis of the model is the 25mm Philco-Ford
family of Bushmaster ammunition (GAU-8 for the aluminum cartridge case).

4. The model contains no stated upper or lower limits for dimensions
other than caliber. However, practical considerations of production
methods and equipment requirements will constrain useful application
of the model to ammunition that is appropriate for 20mm - 40mm automatic
cannon use. Examples of rounds over this range which have been estimated
using the model are:

Projectile Case Assumed No. of

Round Length Length Rounds Per Box
M246 20mm 3.025 4.015 100
Oerlikon KBA 25mm 4.3 5.5 50
GAU-8 30mm 5.49 6.81 50
Oerlikon KDA 35mm 7.4 B sl 25
Bofors L/70 40mm 8.13 14.37 15

5. Although the model is based on established processes and equip-
ment currently available on the market, it is not intended to represent
any facility either proposed or currently in operation. However, the
manufacturing processes shown are similar to equivalent processes des-
cribed in references 3 through 6.

6. The model is intended to provide IPF estimates in support of
decision making early in the acquisition phase. It is not intended to
be used for budget/program estimates or for production planning purposes.

7. Because of the complexity of the model, its supporting data

base, and the level of detail at which cost estimates are generated, it
is intended that the model be exercised by computer. The model is currently
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programmed on the WANG 700 Series programmable calculator located in the
HQ, ARMCOM Cost Analysis Division, and will be included as part of the

IBM 360/65 automatic cannon cost model program currently under development.

8. The model makes no provision for standby production equipment to
preclude line shutdown in the event of equipment breakdown. In addition,

no allowance is made in the working-shift hours for preventive maintenance.

9. All costs are in FY 1975 constant dollars.



SECTION II

MODELING APPROACH




A.  General Approach to Modification

The modified model utilizes the 20mm through 30mm model of reference
1, and the aluminum-case model derived from reference 5, as a base. The
general approach to modification of the base model consisted of the following:

1. Establishment of 40mm as the model upper limit.

Extension of the production processes/equipment over an additional
10mm, in combination with the dimensional adjustments described herein,
was verified as a technically valid approach for estimating purposes by
discussion with Lake City Army Ammmition Plant (LCAAP) , Ammunition
Technology Division. This modification was considered necessary both to
provide differential cost estimates without unexplainable cost breaks
over the range of calibers expected in application of the model to typical
gun-ammunition studies, and to provide a full-range submodel as part of
the automatic cannon cost model.

2. Selective modeling of dimensional adjustments.

Adjustments are made both to individual production equipment capa-
cities (or, what is the same thing, adjustments are made to establish an
"effective' production-rate input), based on differing component dimen-
sions; and, for cartridge cases, to compute varying numbers of press
drawing and related processes over predetermined ranges of case length.
The approach to equipment-capacity adjustment is based solely on the
premise that process cycle times, and hence production-rate capabilities,
for the majority of processes are partially or wholly dependent on the
magnitude of certain component dimensions. In the extreme case where
engineering estimates can be made on the basis of production drawings,
both types of adjustment will indirectly result from differences in
discrete design detail. However, for early estimates for which overall
dimensions are the best that can be defined, adjustments based on those
dimensions are necessary. The end result is a parametric estimate which
differentiates, on the basis of engineering judgment, among departures
from a defined data base representing known dimensions, and in which
the adjustments move costs as definitively as possible in the proper
direction. These types of judgmental adjustment can then be refined
over time by lower-level investigation and analysis. It is important
to note in the model of dimensional adjustments that when the base
(reference 1) model dimensions (numerical constants in the adjusting
terms of the equations) are input to the model, the outputs are identical
to that provided by the base model itself, with the exception of modifi-
cations 3 and 4, below.



‘ 3. Revision of the steel cartridge case equipment data.

These changes were based on the steel case line of reference 3,
and included the addition of a disc grinding operation and revision of
the material-treatment processes associated with the press drawing
operations.

4. Adjustment of initial tooling cost by caliber.

This adjustment follows the approach used by LCAAP for the Bush-
master IPCE, and are applied as an estimator of the generally higher
tooling cost expected with increases in caliber.

In addition to the foregoing modifications to the base model, an
aluminum cartridge case model, based on an estimate prepared in support
of the continuing reference 1 study effort, has been added.

B. Methodology and Data Sources

1. Base Model

The IPE (machine tools and processing equipment) required for the
manufacture of a 20mm through 40mm steel-case or aluminum-case ammunition
family, excluding fuzes, is shown in Tables 2 through 9. The equipment
lists in Tables Z through 8 were synthesized for the reference 7 study
by analyzing the manufacturing processes necessary to produce 20mm through

' 30mm ammmition. An adjustment factor of 1.25 was used to inflate equip-
ment unit costs from FY 73 dollars to FY 75 dollars. The inflation factor
was developed from a detailed review of the production base support (PBS)
Procurement Requisition Order Numbers (PRONS) for FY 74 on ARMCOM projects.
The price changes on the PRONS indicated a change of 12 percent through
the fiscal year. ARMCOM PBS specialists projected the same rate of change
between FY 74 and FY 75. The two-year factor then becomes (1.12)(1.12)=1.25.
The equipment list in Table 9 was derived from the aluminum-case IPF
estimate in reference 5, in which all costs are provided in FY 75 dollars.
All 1lists were then modified as described in paragraph IIA.

The initial tooling required by the IPE of Tables 2 through 8 was
developed by analyzing the manufacturing processes and equipment require-
ments. The estimated costs shown in the tables were inflated from FY 73
dollars to FY 75 dollars using indices from references 8 and 9. The
initial tooling costs in Table 9 were taken from reference 5.

¢ Estimates of TME costs in FY 75 dollars were developed from an
analysis of requirements and costs for ammunition over 30mm conducted
for the reference 1 study.

Fuze line data was provided by Frankford Arsenal, Manufacturing

Technology Directorate, Mobilization Engineering Division (SARFA-MIE) .
Line capacity and cost, including the cost of initial tooling, is based
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on the XM714 fuze line. The XM714 fuze is planned for use on the 20mm
M50 series, Bushmaster 25mm, and GAU-8 30mm families of ammunition.
Although usc of this fuze for rounds over 30mm in size is improbable, it
is assumed that a fuze of this type will be used. SARFA-MTE concurs
that the XM714 fuze line capacity and cost is applicable over the 20mm
through 40mm range.

In addition to the equipment and initial tooling costs obtained
from Tables 2 through 9 for each component and ILAP, the cost model
selectively includes allowances, in the form of percentages of equipment
cost, for transportation, installation, layaway, and miscellaneous material
handling equipment; and thruput costs for TME (see paragraph IIIC). The
transportation and installation allowances were provided by the US Army
Production Equipment Agency Engineering Division (DRXPE-EN), and represents

an average based on an equipment mix ranging from lathes to 500 ton presses.

The allowance for layaway cost was provided by the HQ, ARMCOM Procurement
and Production Directorate, Industrial Management Division (DRSAR-PPI-W).

The cost model consists of a series of cost equations and a supporting
data base. When solved using specific inputs provided by the estimator,
the equations yield estimates of total IPE, initial tooling, and TME for
each of the components of Table 1. Tables 2 through 9 constitute the
data base for all of the cost elements except fuzes, and are structured
in the form of matrices from which the model selects the equipment and
cost values required for solution of the cost equations. In the
solution of the equations, the estimating model performs the following:

a. The number of machines required is calculated based upon:

(1) annual production requirements (inputs to the model).

(2) the assumed number of shifts (inputs to the model).

(3) equipment item capacity per shift per year (included
in the data base).

(4) the number of rounds per metallic ammunition box when
boxes are necessary (input to the model).

(5) for affected equipment items, relevant component dimen-
sions (inputs to the model).

b. The estimated total cost of each item of equipment is calculated-
using the results of a, above, and the equipment item unit cost
(data base).

c. The estimated total cost of all equipment required to produce
each component and to LAP complete rounds is calculated by
summing appropriate costs yielded in b, above.

d. The number of sets of initial tooling required for each equip-
ment item is calculated using the procedure of a, above.

e. The estimated cost of initial tooling is calculated using the

procedure of b and ¢, above, but based on the results of d,
above, and the average unit tooling cost (data base).

10



Fuze IPE and initial tooling cost is provided at a sumary level, NG, ,
total line including transportation, installation, and initial tooling,
and requires a single solution of the cost equations. For this reason,
no matrix is provided for fuzes, nor is fuze initial tooling separately
calculated. TME costs are provided as summary-level thruputs; hence, no
calculations are required.

2. Dimensional Adjustments

The machine-process listings of the revised base model were analyzed
in detail to determine which overall component dimensions, if different
than those of the base model, will impact the production capacities of
the individual equipment items. The magnitude of the impacts were then
individually assessed and expressed as percentages of change to the basic
quantity-of-equipment equations of the reference 1 model. These were
translated into modified equations to yield adjusted quantities of equip-
ment required to meet the production rate inputs to the model. Both
judgmental assessments were primarily based on review of the detailed
manufacturing descriptions of references 3 through 6. Adjustments to
alter the number of press drawing, and indirectly the number of associated
processes, are based on information obtained by HQ, ARMCOM Plant Operations
Directorate.

The dimensional adjustments and resulting equations are described in
additional detail in paragraph IIIC2.
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SECTION ITI

MODEL FORMAT




A Inputs

The inputs required to exercise the model are summarized below,
and are described in additional detail in paragraph ITIB.

1. Peak annual production quantity, in millions, of each component
Including link and metal ammunition box, the latter expressed as the
annual quantity of complete rounds to be packed.

The estimator should carefully determine the annual production
quantity requirements (Q values defined in paragraph II1IB) for each
component and LAP. These are the annual production quantities for which
IPE and/or initial tooling is either not in existence or, if in existence,
is neither partially nor wholly available. Since existing capacity may
be available during the production time frame to partially or wholly
meet the total program requirements of given components or LAP, the Q
values may or may not be those established to meet the total program
requirements. Therefore, the Q values are established to meet a prod-
uction ''shortfall" or deficiency, and, since they are inputs provided
by the estimator, may well be determined by means of a separate analysis
or model. With the exception of fuzes, for which initial tooling is
included in IPE cost, and for which the production quantity requirement
1s symbolized as Qf, separate production quantity inputs symbolized as

QEk and QTk are required for IPE and initial tooling, respectively.
QEk and Qf are established to meet the IPE deficiency discussed above.

For example, if the maximum annual requirement for a component or

LAP is ten million, and existing capacity will be available to produce
four million, additional IPE will be required to produce the deficiency
of six million per year, and QEk is input as that value. However, even

if IPE is partially or wholly available, initial tooling will probably
be required to meet the total program requirements since the ammunition
being estimated is likely to be of a different size and/or design config-
uration than that for which the production line was established. There-
fore, QTk will generally be input as the total program annual require-

ment--ten million in the above example. When sufficient capacity is
found to be available to meet the total program requirements for a
given component or LAP, the applicable Q value is input as zero, and

no IPE or initial tooling is estimated. On the other hand, when a
production base is neither in existence nor available, certain relation-
ships exist among the Q values, as follows:

a. QE4 through QE7 or QE8 (1ink, box, LAP, and cartridge case)

cach equals the sum of QEl’ QEZ’ and QE3 (sum of projectile quantities).

i8



b. The relationship of 1, above, exists for the same subscripted
values of QTk'

C. Qf (fuze) equals Q1 (HEIT projectile).

The model assumes that TME is required whether or not IPE is available.
2. Number of production shifts assumed for each component (1,2, or 3).
3. Projectile diameter, in millimeters.

4. Projectile length, in inches.

5. Cartridge case length, in inches.

6. Number of rounds per metal ammunition box known or assumed for
the estimate.

This input acts to adjust the number of boxes required, for the quantity
of ammunition being estimated, from a number based on 100 linked rounds
packed in a container similar to the M548 box. The input is a function of
a reasonable weight assumed for manual handling. Since complete round
weight 1s not likely to be known for early estimates, the number of rounds
can be estimated by comparison with the method of packing of existing
automatic cannon ammunition. For example, the following are the approximate
weights, in pounds, of the M246 20mm HEIT cartridge:

Net(less packing

and container) Packed Out
100 rounds linked 69 91
200 rounds bulk packed 114 141

If an existing, standard box is not suitable, the estimator should
ascertain that the cubic-inch volume of the container being estimated
does not significantly exceed the volume of the M548 box, to avoid exceeding
the equipment requirements and capacities in Table 6. The inside dimensions
of the M548 box are 17 1/4 inches long, 7 7/16 inches wide, and 13 63/64
inches high. A moderate increase - 15% to 20% - in these dimensions would
not be expected to significantly impact the results of the estimate.

B. Mathematical Notation

The notation used in the cost equations is identical to that used
in the base (reference 1) model except for redefinition of the Q values;
use of a different symbol for number of shifts; and the addition of an
f (fuze) subscript, Nd (number of draws) symbol, component dimension

symbols, and symbols denoting constants. The notation applies to the
symbolic equations shown in paragraph IIIC1. Solution of the model can
also be tracked using the word equations of paragraph IIIC1, and the
sequences of solution shown in Table 10.
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The notation is uniform in applicability to each matrix, and is

defined below.

Except for Sk Z, and production-rate (Q) values QEk, QTk,
’

and Qf, which are inputs provided by the estimator, the symbols represent

either data base (matrix) values or values yielded by the cost equations.

Subscripts

f

i

Symbols

QE,

Identifies fuze (not a matrix subscript).

Matrix row; it specifies a specific item of equipment and
associated initial tooling.

Matrix colum; it refers either to equipment unit cost,
annual equipment capacity per shift, or average unit
initial tooling cost.

The specific matrix; e.g., when k = 1, the HEIT projectile
matrix, Table 2, is specified.

Projectile diameter of the ammumnition family for which IPF
is being estimated. Expressed in mm, this value ranges
from 20mm through 40mm.

Cartridge case length, in inches.

Projectile length, in inches.

Number of working shifts assumed in the estimate for the
ammunition component identified by the value of k, where a
shift is eight hours per day, five days per week (1-8-5).
When one shift is assumed, Sk is given the value of 1;

similarly, Sk = 2 and Sk = 3 for two shifts and three shifts,

respectively. An additional adjustment to the value of
Sk can be made if the estimate is to be based on a working

shift other than eight hours per day and/or five days per
week. For example, if the desired shift is 2-8-6,

Sk = 2(6/5) = 2.4. Or, for a 2-10-5 shift, Sk = 2(10/8) = 2.5.

Same as Sk’ but applicable to fuzes only.

Peak annual production quantity of the ammunition component
specified by the value of k, in millions, for which IPE is
required; this value is set equal to zero if no IPE is
required.

<0



Qf Peak annual fuze production quantity, in millions; this
value is set equal to zero if no fuze IPF is required.

QTk Peak annual production quantity of the ammumition component
specified by the value of k, in millions, for which
initial tooling is required; this value is set equal to
zero i1f no initial tooling is required.

Numerical value (equipment or unit initial tooling cost,

or equipment capacity) located at the intersection of

row i and colum j of matrix k; e.g., X3 2.1 provides
y&~3

the value of 1.700 million rounds as the annual capacity
per shift for the centerless grinder required to produce
the HEIT projectile.

i,j,k

Ni X Required quantity of the equipment item specified by row i
! of matrix k. In the solution of the model, this factor
represents either the quantity of each equipment item or
the number of sets of initial tooling associated with each
equipment item. For example, N3 1 represents the number
b

of centerless grinders, each grinder having an annual
capacity of Sl)(3 2.1 rounds, required to produce QEl or
b a4

QT1 HEIT projectiles. This value is rounded to the next

larger integer (number of whole equipment items). For
example, if the cost equation for Ni X yields a value of
b

2.005, then N. , is rounded to 3.
ik

Nd Number of press drawing operations required in the manu-
facture of a cartridge case; assumes a value from 3 to 6
depending on case length.

Nf Number of fuze lines required to meet annual fuze prod-
uction requirements, rounded to the next larger integer
as defined for Ni X above.

b4

Y. X Total cost in thousands of dollars of the equipment item

% specified by row i of matrix k, or its associated initial

tooling; it is a function of N, , and X. . ..
1sk 1’J,k

Yk Total cost in thousands of dollars of the equipment needed
to meet production requirements of the ammumnition component
specified by the value of k. It represents the summation
of previously-calculated values of Y.1 X’ When applied to

b

IPE, it includes the selective allowances for transportation,
installation, layaway, and miscellaneous material handling
equipment.
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Yf Total cost of the fuze line(s) required to meet fuze
production requirements, including layaway cost.

Z The number of rounds per metal ammumnition box known
or assumed for the estimate; this input value may or
may not be equal to the constant C3.

Tk Total cost in thousands of dollars of the TME required
for the component specified by the value of k; it is
independent of the quantity specified by Qk.

Tf Total cost in thousands of dollars of the TME required
for fuzes; it is independent of the quantity specified

by Q.

f

Constants

C1 1.10, a 10 percent allowance for layaway costs. The
allowance consists of 6 percent for preservation and
4 percent for crating, handling, and transportation.
If the layaway is on site, only the 6 percent factor
is applicable; however, the 10 percent factor is used
in the model to yield a conservative estimate, on the
assumption that on-site layaway versus plant clearance
is not known at the time the estimate is being made.

C2 1.05, a 5 percent allowance for transportation and
installation costs.

C3 100 rounds per ammunition box, the quantity on which the
box matrix, Table 6, is based (see note, bottom of
Table 6).

C4 1.10, a 10 percent allowance for miscellaneous material
handling equipment costs.

5 1.2, a constant annual production capacity per fuze line
per shift, expressed in millions.

C6 2, a factor which provides for doubling of the initial
tooling matrix value for steel cartridge cases (k=7),
when the total case length is greater than 3.5 inches,
and the projectile diameter is greater than 20mm and
equal to or less than 40mm (see paragraph IIIC1). This
factor is based on the engineering judgment of LCAAP
personnel, and is established to account for the higher
cost of the heavier press tooling required.

C7 2,000, the average unit cost per fuze line in thousands

of dollars, including transportation and installation
cost but excluding layaway cost.
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C.  Cost Equations

1. Dimensional Adjustments

As indicated in paragraphs IIA2, IIA4, and IIB2, the approach to
modeling dimensional adjustments was based on judgmental analysis of
the equipment and process by equipment item, was of necessity confined
to capacity impacts in terms of overall component dimensions that are
known or assumed at the time of the estimate, and represents an approach
to IPF modeling which is designed to move estimated costs in the proper
direction and which can be refined over time.

Dimensional adjustments are made to the base (reference 1) model
equations for Ni X (equipment quantity). The resulting, modified equations
b

are listed in paragraph IIIC2. The adjustments take three forms, discussed
by equation number.

a. Adjustment to equipment quantity based on relevant component
dimensions.

The equations show that this type of adjustment is applied as the
ratio or percentage of the ratio of component dimension(s) assumed to
affect process cycle time to the equivalent dimension(s) represented
by the data base (Bushmaster 25mm or GAU-8 30mm). An example is shown for
equation 1, below. The adjustments by equation are:

(1) Equation 1: Machining time is affected by both projectile
diameter and length; the impact is estimated at 40 percent of total cycle
time. The adjustment is also based on comparison with the MS56A3 20mm
HEI projectile, and is used for similar operations on all three projectiles
in the model. An example of the adjustment is the Oerlikon 35mm round,
having a projectile length of 7.4 inches, with the adjustment applied to
the capacity of the automatic screw machine (i = 1) of Table 2. The
product of projectile diameter and length is DLp = 35 (7.4) = 259. This
value is divided by the equivalent value for the projectile on which the
equipment item capacity is based, i.e., 25 (4.6) = 115. The result states,
for purposes of adjusting for this particular production operation, that
the Oerlikon round is 2.25 times 'bigger" than the 25mm round on which
Table 2 is based. However, as shown by the equation, the adjustment is
made only to the difference, 2.25 minus 1, or 1.25. The resulting
adjustment factor of 1.50 reduces the equipment capacity per shift from
0.383 million to 0.255 million (or, increases the effective annual quantity
input by an additional 50 percent). If DLp is 115, the adjustment becomes
unity, and no adjustment is made; and, if DLp is less than 115, the adjust-
ment is negative, acting to increase the equipment capacity or reduce
the effective annual quantity. The foregoing is typical of all equations
for equipment item quantity where an adjustment is made.
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(2) Equation 2: Machining time is primarily affected by
projectile diameter; the impact is estimated at 40 percent of total cycle

time. The adjustment is also based on comparison with the M56A3 projectile,

and is used for similar operations on all three projectiles in the model
as well as diameter-related machining on the steel cartridge case.

(3) Equation 3: Processing time is primarily affected by
projectile diameter (indirectly when applied to in-process steps in
steel cartridge case manufacture); in certain applications, the adjustment
assumes vertical part orientation with processing at a fixed, optimum
speed.

(4) Equation 4: Processing time is minimally affected by
component dimensions; the adjustment is estimated at 10 percent to
account for handling bulk (weight) only.

(5) Equation 5: No adjustment. In the case of link manufacture,

no pattern of dimensional changes due to cartridge case dimensions was
found; link design is predominently driven by weapon characteristics.

(6) Equation 6: Unchanged from reference 1 model (applies
to ammunition box only).

(7) Equation 7: Processing time is assumed to be primarily
affected by projectile length. Assumes automatic charging independent
of caliber. The adjustment is also based on comparison with the M56A3
HEI projectile description of manufacture.

(8) Equation 8: Processing time is assumed to be affected
by cartridge case length; impact is estimated at 30 percent of total
cycle time. Assumes automatic processing independent of caliber.

(9) Equation 9: Processing time is assumed to be affected by
projectile diameter; impact is estimated at 20 percent of total cycle
time. Assumes automatic processing independent of cartridge length.

(10) Equation 10: Bulk processing is assumed, with diameter
and length utilized as a measure of relative cartridge case bulk. The
Nd (number of draws) adjustment accounts for additions to the "effective"

quantity of cartridge cases resulting from additional requirements
for the affected processes as the number of press drawing operations
increases (see paragraph b, below, and Note 1, Table 8).

(11) Equation 11: Same as equation 10, excluding the N&
adjustment.

(12) Equation 12: Same as equation 11 except based on the
GAU-8 diameter and cartridge case length.




(13) Equation 13: Machining is primarily affected by diameter;
impact is estimated at 40 percent of total cycle time.

(14) Equation 14: Processing assumes vertical orientation and
automatic processing independent of cartridge case length.

b. Adjustment to the number of press drawing and associated
processes over ranges of cartridge case length.

Investigation by the HQ, ARMCOM Plant Operations Directorate
indicates that, for either brass or steel, drawing can be estimated to
double the previously-drawn length. The model then assumes a maximum
case length of 3.5 inches as requiring three draws (same assumption
as the reference 1 model), and establishes doubled ranges of case length
above 3.5 inches within each of which an additional draw, trim, and
related processing as required, is added. This results in a general-
purpose model only, which accounts for increased processing for greater
case lengths based on a dimension which is known or can be assumed for
early estimates. For this reason, the same general model is applied
to aluminum cases. It is recognized that the actual number of draws
required for a specific cartridge case will be a function of material,
case length, diameter, wall thickness, and similar discrete design detail.

c. Adjustments to initial tooling cost based on caliber.

This adjustment accounts for the generally varying size of initial
tooling with varying sizes of the components being manufactured. Tooling
cost is adjusted by 10 percent for each five millimeters of caliber,
based on the approach taken by Lake City Army Ammunition Plant in devel-
oping the 25mm base tooling data used in the reference 1 study.

2. Equation Forms and Sequences of Solution

The cost equations which are solved in the execution of the modified
model are listed below in both symbolic and word form. The model contains
50 distinct equations, of which 33 are common to the solution of either
a steel-case or aluminum-case family of ammumition. A full solution util-
izes 42 equations for a steel-case family, and 41 equations for an aluminum
case family. The initial equations, which solve for the quantity of equip-
ment items required to meet the production-rate input, are identified by
equipment item in Tables 2 through 9. The sequences of solution following
the initial equations are shown by component in Table 10. In addition, the
following should be noted:

a. Units of measure for inputs are as defined in paragraph IIIA.

b. Values of j (matrix column) are specified for all equations in
which a value of j is required.



c. Equations which are iteratively solved over a range of values
of i are solved for all values of i within each matrix except as otherwise
noted.

d. Equations for Ni X (equipment item quantity) are identified as
b

la, 2a, ...., 14a for IPE, and 1b, 2b, ...., 14b for initial tooling.
The equations are identical except for the variable Q.

e. Alternative (conditional) choices of equation for Yi X for steel
b

cartridge cases are provided. These are based on a variation in both
the number of drawing operations and the press tonnages required for
the blanking and drawing operations, depending on the length and diameter
of the cartridge case being estimated. The former variation is accounted
for by the addition of draw and trim operations in Table 8; and the
latter is accounted for by variations in affected press tonnages, and
the addition of both a second colum of equipment unit costs (j=3) to
Table 8 and doubling of the average wnit tooling cost (equation 29) to
accommodate the higher tonnages. These variations are taken directly
from the reference 1 model, but with additional draw-trim operations to
accommodate a wider range of case lengths. Only variations in drawing,
trimming, and associated material-treatment processes driven by case
length are included in the aluminum case model, and these are handled
by varying the number of equipment items (values of i), not with condi-
tional equations.
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Equation

27

Number Equation
1PE
QE, i /DL i
la N: o = av—— [1#0.4 [ =B~ -1] |, where j = 2
i,k Skxi,j,k .115
& | D
2a Ni,k “Tx 1+0.4 25 -1] |, where j = 2
k™i,j,k
D QE,
3a Ni,k - cam where j = 2
k™'i,j,k
QB f DL
e wh. = i =
4a Ni,k S 1 1+0. 1 1% 1 ,» where j = 2
kK'i,j,k
5 N " here j = 2
a . . = =w—— , where j =
ik skxi,j,k
C, QE
a3+ s .
6a N, . = 55— , where j = 2
i,k 2 sti,j,k
L_ QF
k .
7a N, , =2 where j = 2
8 N " 1+0.3 “c 1 here j = 2
a .= —— +0.3 | v - » where j =
i,k Skxi,j,k 5.4
9 N i 1+0.2 |2 -1 h
a Ly = e |140.2 |2 - , where j = 2
i,k Skxi,j,k 25



Equation

Number

10a

11a

12a

13a

14a

15

16

17

18

19

Equation

. 3 DLCQEk 4+(Nd-3)
1 ’
i,k 135 SkXi,j,k | 4

where j = 2, Nd = 3 for LCS 3.5 in.,

Nd = 4 for 3.5 in.< L <7 in.,
€
Nd = 5 for 7 in.<LCsl4 in., and
Nd = 6 for L_>14 in.
c
DL QE
c*'k .
= where j = 2
b
135 SkXi,j,k
DL QE
ctk .
= , where j = 2
204.3 Skxi,j,k
QE
= oK | 1+0.4 |25 -1] |, where j = 2
k"1,3,k
D QB
- = , where j = 2
30 SkXi,j,k
QEy
Coof
. Ni,kxi,j,k , where j =1

o Ni,kXi,j,k , where j
= Ni,kXi,j,k , where j

= Ni,kxi,j,k , where j

<8

=],andi=1, 2, ...., 25
=},andi=1, 2, ...., 27

=3 i=1,2, ...., n,
= 27 for 3.5 in.< LC_<_7 in.,
= 29 for 7 jn.<LC_<_14 in., and

= 31 for Lc>14 in.




Equation
Number

20

21

22

23

1b

2b

3b

4b

5b

6b

Equation

Yi,kxi,j,k , where j =1, i =1, 2, ...., n,
n = 21 for LC33.5 in.,
n = 22 for 3.5 in.<LC§_7 in.,
n =26 for 7 in.<LC_<_14 in.,

n = 27 for LC>14 in.
e ™ G462 Y5 ke

Y = @ C C4ZY

Ye = CNLy

Initial Tooling

QTk E‘E .
Ni e skx 1+0.4 Tt -1 , where j = 2
l’J’
_ D
k l,_'),k L
D QT
N. Ty ———— , where j = 2
1,k 25 Sle’J’k

QT DI,
N, |, = oK r1+o.1 —B -1| | , where j = 2
i,k S X. .

kK'i,j,k
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N ho: where j = 2
B ere j =
i,k Skxi,j,k ’
C.Qr
3k -
N, , = 5=<—— , where j = 2
i,k Z Skxi,j,k



Equation

ber Equation ‘
L QT
7b N, , =R K where j = 2
Lk TESX S .
QT Lo \1 .
&b Nix sx 7 W0.3\g7 -1 | , where j =2
k'i,j,k /‘J
QTk " /D \“1
9b Ni,k S oum 11+0.2 7E -1, where j = 2
K'i, 5k |
DL QT, e i 3) |
10b N x " 1355.x M ’
’ 14,5,k |

where j = 2, Nd = 3 for ch 3.5 in.
Nd = 4 for 3.5 1n.<LC£ 7 1in.
Nd- 5 for 7 in.<L_ < 14 in.
c

Nd = 6 for LC>14 in.

DLcQTk
11b N. , = , where j = 2
i,k 135 SkXi,j,k
DLCQTk )
12b Nix ™ 7043 gl where j = 2
13b N T ‘rl 0.4 D here j = 2
) = e (1+0.4 | == - , where j =
i,k Skxi,j,k ! (30 )
D QTk
14b Ni,k = m , where j = 2
24 Yi,k = Ni,kxi,j,k , Where j = Ni,k + 2
25 Yi,k = Ni,kxi,j,k » where j = Ni,k ¥ B, 0 =0, 25 e
n = 25 for LCS_S.S in.
B %5 27 fior 8:5 in.<L.< 7 in. .
n =29 for 7 in.<LC < 14 1in.
30

=}
]

31 for Lc> 14 in.



Equation
Number

26

27

28

29

30

31

32

33

34

35

36

Equation

Yi,k = Ni,kxi,j,k , where j = Ni,k + 2, 151, 2, .vv., 0,
n = 21 for LCSS.S in.
n = 22 for 3.5 in.<LCg7 in.
n= 26 for 7 in.<LC < 14 in.
n = 27 for LC>14 in.

= 2k

.
_ D-zﬂ —
Yy = ' (1.02) AYi’k

D-25| _
Ce (1.02) JZYi

26.6,

25.0,

29.9;

11.7,

42.7,

60.5,

198.2

»K

where k = 1 and 2
where k = 3

where k = 4

where k = 5

where k = 6

where k = 7 and 8
for fuzes

31



"SeyduT pT UBYl Iojeaid syjBusy oSed 10 9 pue

‘soyoutr §T 03 Tenbo 10 UBY]} SSOT PUB SSYDUT / UBYZ 193813
SY318usT 9sed I0F § ‘saydur , 03 Tenbs IO UBY} SSOT PUB SYDUTL
G*¢ ueyl Iojeolld syYlZusT oSBD IO0F § ‘soydur §°s 03 Tenbe

I0 UeY} SSOT SYIBUST 9SBD JI0F ¢ ST SMBIP JO IoqUNU SJ9UM

y | 2x/33Tus/dE) X SIFTYS'ON X SST

.iﬁ- SMEIQ'ON) + ¥ | IX/A0 X q38ueT ese) X BIQ 40 uea1 dmby ¢ Fot
[ o | naamis/te x s Gy woar v N o
) o OIS 2 UG iy v F om
pw\pwﬁsw\QMW\MPWuWHMMWMMAxnwmw = £3) we3y dmbg z B/

IR/AFTYS/dBD X SIFTS-ON X XOU/SPRI'ON _ 1o yon dynby 7 29

Ix/A30 X Xog/spwy (0T

IX/3FTYS/dey x mu%%ﬂm»mm - £3) wo3y drnbyg ’ -

) I- T .Qmu.ﬂ . SL H.oL- Ix/33Tys/deny x mummﬂm xmw - G woip dmbg . o
UU/TS/IE0 X SO X ST _ o) uoay dpnbg . %

,.\H- .m%m.v _V.o:“ 15 /33s/de) x TSN g worr dreig . 2

1 I- @i hwww X B1q v.o+HL 1A/33 TS /deD xprmMMm.oz = £1) weal drnbg Va Bl

1

4dI

uotjenbg Ioquny ({)uwmyio)  Ioqumy
91qel-31s0) 10 uorjenbyg
A31o8ede) dinbg

32



*soydut

vT ueyl 1o3eau8 SyYlquel 9SO 103 ‘TOUT ‘L7 - T = T PuB ‘ssyour
t1 03 Tenbo 10 UBY3 SSOT puB SoYdUT , Ueyl I938218 syiBuol osed
I10F "IOUT ‘97 - T = T {SoydUT / O3 Tenbd 10 UBY] SSO] pue SoYIUT
G'¢ ueyl 183ea18 SIYSUST 9SBD JOF 'TOUL ZZ - T = T SOUJUT G°¢
03 Tenbs J0 ueYl SSOT SYIBUST 9SBD IOF 'TOUL ‘IZ - [ = T 9l
swo3T juswdinbe axsym ‘3so) 3Tup wel] dinbg x A1) weiy drnbyg

*SOYDUT T UBY3 193BOIZ SY3JusT 9SEBD I0F ‘TOUT ‘T¢ - [ = I pue
{sayoutr ¢y 03 Tenbe 10 UBY} SSOT PUBR SSYDUT / UBY3 JI93eaI3 syjSuor
9SBD 10F "TOUI ‘67 - T = T ¢saydur ., 03 Tenbe IO UBY) SSO[ pue
SOUDUT §°¢ UeY3l Io3eail SUYISUS] 9SBD I0F "[OUTl ‘/Z - [ = T oIB
swo3T juswdinbe sxaym ‘3sop 3Tun wel] dinbg X A3) weiy dinbg

"Iout /7 - T = T swel] jusudrnbg xoj
€3s0) 3Tun we3y dinbg x A3) wo3l dinby

*TOUT ‘GZ - 1 = T swol] dinbg o3
‘3s0p 3Tun well dinbg x A3 we3] drnby

3s0) 3tuf wez] dinbg x A3) we3r drnbyg

S3IFTYS'ON X IFTYS/SUTT/W Z°1

IX/L30

1X/3314ys/de) X SIFTYS'ON X QS

IX/430 X ®BIQ

_0e L. ‘ IX/33T4YS/de) X SIFTYS ON
T BLq ¥V 0+1 VSN

1A/33TYS/de) X IITYS'ON X ¢ 407
IA/A30 X YI3uwT ose) X elQq

IX/331YS/de) X SIFIYS'ON X SST

IX/L30 X yP8ueT ose) X BI(Q

3150) wda3] dinbyg

1s0) w3l dinbg

3s0) we3] dinbg

3s0) we3l dinbyg

1so) w31 dinbg

SOUTT ozn "ON

£30 we3l dinbg

A3p wear dinbg

£30 wea1 dinbg

£) werr dinbg

uotjenbyg

Z

0¢

6T

8T

4L
g

ST

By

Bl

Bl

BII

ToqunN ([ @ino)

91qeL-31S0) 10 uoIlENnbyg

A31oede) dinbyg

Joquny

33



IX/3F1Yys/ded X S3JTYS'ON X 9°}

/A0 X 38U [oig £A30 we3] Surroo] Z qs
IX/3FTYS/deD X SIFTYS'ON X XOf/SPUy’ON
T3/AD X Xog/spuy gor = 430 U Buriool g =
IX/3FTYyS/de) X SIFTYS°ON we1lT SULTOO
ia/&ap = 430 Wil Buttool 4 qs
" STI oo AAFTUS/AED X SATTUS'ON _ g0 o g oo
AL~ A%0sT (ol X ®ig T o+H. I3/53D I SuTToOL (A qv
IX/33TYs/de) X SIFTYS'ON X GZ
IU/AD X g A3 we3I SurToO[ Z qg
" ez | 1x/a31ys/den x s3zryg-on
- MﬂmJ 1Z o+H.LM w»\xuo A30 we3] Suryooy Z qz
B SiL 1 1x/331y8/de) X S3FTYS-ON
I- {867 foig x eig | 7 0+T : /A0 £3D wel] SurToo] ¢ qt
SurTool TeTITUI
SOUBMOTTY AeMBART OT°'T X
SOUTT dzng ‘ON X 98Ul 9znd/000°Z = 3S0D 9UIT 9znj [e3o] == 4
3s0) we31 drnbg { X
9oueMOTTY dInby pueH [3eW OSTW OT'T X SDUBMOTTY
Isuyl 8 dsueaj] G0°'T X 9JUBMOITY AeMeABRT QT°'T = 3so) dinbg 110 5 72
1s0) we3] dinbg { X 9dUBMOTTY
3suy § dsuex] G0'T X 9OUBMOITY AemMeAe] QI'I = 3s0) dinbg Te3oL ==t 17
uorlenbyg Joqumy ([)uunio)  Ioqumpy

9TqeL-3S0) 10 UuoT3jenbg

Af3t1oede) dinbg

34



350D 3TuM We3lJ BUITo0], X A3 Wol] SUITOO] = 3SO) W3 JurToo] 7 + 4£30 vz
IX/331YsS/de) X SIFTYS'ON X 0 _
T80 X eta £30 wel1 JurroOo] 4 a1
x_ Ao Tyg/deny x s331ys o
1X/3314s/de) X SIITYS-ON X ¢ 407
1D X AT 958) X B - A30 we3l] 3durtoo] z qz1
IX/3314ys/de) X SIFTYS'ON X §¢T
UMD X SwT o5e) X BIq - A3D w31 3uryoo] z qrT
*SOUDUT $T UBYJ J93BSI3 SYISUS] 9SBD I0J 9 pue ‘saydur §I
01 Tenbe I0 UBY] SSOT PUB SOUDUT , UBY} J93Baif syiSuel
9sBD 10J § ‘Soydur ., 03 Tenbo IO UBY} SSOT pUe SSYIUT
G*¢ ueyl Io3BOI3 SY3lZuS] 9SED I0J y ‘SOUYDUI §°¢ O3 Tenbd
I0 URY] SSOT SYIBUST 9SBD I0F ¢ ST SMBIP JO JOqUNU OIOUM
‘ 14 ~ JIx/3FTys/de) X SIFTUSON X GET
(S- SMBIG'ON) +7 IA/43D X BT ese) X erg - A0 We3IT BurtTool é 0T
e ;
i X TysS/den X S31JTYS° ON
o Gy = fb e Surtoor z a6
L 'S ..r AX/AITYS/dED X SIFTYS‘ON
I- @7 ose; © o+ﬁt /% = 430 weil durtool z q8
= % uot3enhy Joqumy (0)wmyio) ~ Jequmy

91qel-1S0) 10 uoT3enby
L11oeden dinbg

35



(z0'D)

4

1s0p wel] Buryool SZ-'I(Q

=

¢ = 3s0) Buriool Te3O[ ---

3s0D We3] maﬂﬁoohsw_mN-mHamNo.Hv = 150) BUT100] TB3IO[ ---

150D wo3 ] mcﬂﬂoo&mW = 1S0) Sur100], TRIO]L =--

Saydut pT ueyl

19jea1d sY3ZuST SSBD I0F 'TOUT /7 - T = T pue
‘ssyoutr I 03 Tenbe- I0 UBYY SSOT puB SeydUT /
UBY]l 193Ba18 SY3SueT OSed I0F IOUT ‘97 - [ = T
sseyout , 03 Tenbe I0 UBYl SSOT PUB SOUDUT G°¢
UByl J1o1Boi8 Sy3Busy 9sed I0F '[OUT ‘77 - [ = T
iseydur G°'¢ 03 Tenboe 10 ueYl SSOT sylSuoel osed
I0F *TOUT ‘IZ - T = T 9B SwWoIT SUIT003 oIoym
€3s0D 31U We3ll SUTTO0L X £3ID) Woll SurToOf,

SSYduT Y1 ueyl

1938313 SYIZUST oSBD I0F 'TOUT ‘I - T = T pue
SaYdUT ¢ 03 Tenbe 10 UBY] SSS] PUB SOYDUT /
UBY} 193B9J8 SYISUST 9SBd I0F 'TOUT ‘67 - [ = T
-SaydUT / 03 Tenbo 10 UBY] SSO[ PUB SOUDUT G°C
ueyl I1o3eaa8 SUY3ZUST 9SBD JOF ‘TOUT /7 - T = T
{saydUT §°'¢ 03 Tenbe J0 ueyl ssoT sy3Suel osed
I0F “TOUT ‘G7 - T = T aJe swoIT SuUr7003 oIoym
350D 11U We3IT SUTTOOL X A3) WSl SUTTOO]

= 31S0) wo3] Suryoo] Z + L3

= 3S0) wo3l] SurTo0], ¢ + £30

6¢

8¢
L2

9z

S¢

uotjenbyg Joqumy ([)wmyo)
9IqBL-31S0) 10
£31oede) dinby

JIoqumy
uotjenbyg

36



Table 10. Cost Equation Sequences of Solution - N Y1 1 k’ and Yf 1/

f’
Component Equation Numbers
1. Projectiles (k=1,2,3)
a. IPE 16, 21
b. Initial Tooling 24, 28
c. T™ME
(1) k=1,2 30
(2) k=3 31
2. Link (k=4)
a. IPE 16, 21
b. Initial Tooling 24, 28
c. TME 32
3.  Box (k=5)
a. IPE 16, 21
b. Initial Tooling 24, 27
c. TME 33
4. LAP (k=6)
a. IPE 16, 22
b. Initial Tooling 24, 28
c. TME 34
5. Steel Cartridge Case (k=7)
a. IPE
(1) L<«3.5 in., D <40mm 17, 21
(2) L>3.5 in., D = 20mm 18, 21
(3) L>3.5 in., 20mm <D <40mm 19, 21
b. Initial Tooling
(1) L < 3.5 in., D<40mm 25, 28
2) L >3.5 in., D = 20mm 25, 28
(3) L >3.5 in., 20mm <D <40mm 25, 29
c. TME 35
6. Aluminum Cartridge Case (k=8)
a. IPE 20, 21
b. Initial Tooling 26, 28
c. TME 35
7. Fuze
a. IPE 15, 23
b. Initial Tooling NA
c. TME 36

1/ Equations for Ni K are listed in Tables 2 - 9, incl.
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